In this study, the effectiveness of 15 global climate models (GCMs) for simulating weather data of Rasht synoptic station in the north of Iran was evaluated using a statistical downscaling approach.
INTRODUCTION
Risks of climate change are not limited to a few fields and have undesired negative effects on many natural phenomena. To deal with the effects of climate change, researchers try to reduce its negative effects by predicting its effects over the coming years and decades. One of the major impacts of climate change is on water resources availability and water requirements in the future. The crop water requirements are changed by climate change with changing weather parameters.
One way to predict the changes of meteorological parameters due to climate change is to apply the global climate models (GCMs). The output of a GCM has a very low spatial resolution. The dynamic and statistical approaches are used for obtaining local-scale data from large-scale data that are provided by a GCM. Downscaling models based on dynamic approach are too expensive and time-consuming, while the statistical downscaling is faster and easier. LARS-WG is a statistical downscaling model which produces local-scale meteorological data from the output of GCMs. The Intergovernmental Panel on Climate Change (IPCC) developed long-term emissions scenarios that have been widely used in the analysis of possible climate change, its impacts, and options to mitigate climate change (IPCC ). Three scenarios of A1B, A2 and B1
were considered in LARS-WG model and are presented in Table 1 . The effect of climate change on rice water requirements have been studied in some regions in the world. Yoo et al. () showed that the change rates of total paddy water demand as affected by climate change in South Korea ranged between À2.7 and 2.7% for the A1B scenario, À1.0 and 0.0% for the A2 scenario, and À1.3 and 2.4% for the ), typically, a GCM has been selected and downscaled to predict the effects of climate change. Although using the outcomes of different GCMs leads to different results, in most cases there is no criterion for selecting the best GCM in a particular area and one model is chosen randomly. This causes the error and thereby lack of the accuracy of the predictions.
In Guilan province, which is located in the northern part of Iran (Figure 1) , rice is the most important crop.
The rice cultivated area is about 230,000 ha in Guilan (Ministry of Jahad-e-Keshvarzi ). Sefidrud Dam is located on Sefidrud River upstream of Guilan plain and it supplies irrigation water for 189,000 ha of rice cultivated area. The rest of the paddy fields are irrigated by the local river or groundwater resources. Therefore, rice production in Guilan province is dependent on a proper and efficient water supply from the reservoir of Sefidrud Dam. In recent years various water storage and adjustments dams have been made in upstream basins of Sefidrud Dam. These activities have led to a reduction in water resources entering into the reservoir of Sefidrud Dam and a water supply crisis in the Guilan province. Many studies relating to rice irrigation management in the Guilan plain and ways to improve it have been conducted. Any research and planning will not achieve the desired outcome without considering future environmental hazards and climate change. The irrigation water requirement for rice and other crops will change due to changes in meteorological parameters. To achieve were given to the model as the baseline period data. The model was calibrated using observed station data in Site Analysis process. Also, the QTest process, which represents a statistical comparison of synthetic weather data generated using LARS-WG with the parameters derived from observed weather data (Semenov & Barrow ) , was carried out. (Table 2) were evaluated. Model assessment was performed based on the relative root mean square error (RRMSE) and best models were selected. RRMSE provides a measure (%) of relative difference of predicted versus observed data (Equation (1)). The simulation is considered excellent, good, fair and poor if NRMSE is less than 10, 10-20%, 20-30% and more than 30%, respectively (Jamieson et al.
where X i and Y i are the actual and simulated values, respectively, i, is the months of the year, and X̅ is the mean of the observed data.
Forecasting meteorological parameters
Using the selected GCMs, the values of meteorological par- inspected to find out whether y i > y j or y i < y j . Let the number of the former type of pairs be P, and the number of the latter type of pairs be M. Then S is defined as Equation
where n is the length of data time-series, for n > 10, the sampling distribution of S is as Equation (3). Z follows the standard normal distribution where:
The variance of S is obtained from Equation (4):
So, if |Z| Z α/2 is established at the 95% confidence level, the hypothesis H 0 (accepting the random data series) is assumed to be true, otherwise the hypothesis H 1 (trend existence) is assumed to be true.
Rice water requirement changes in future decades
The changes in ET o as affected by changing climate were obtained from Equation (5):
where ΔET Table 3) .
Finally, the changes in rice water requirement in the total period of growth were calculated using Equation (7):
where DW is the change in rice water requirement in mm, ΔET o1 , ΔET o2 , ΔET o3 and ΔET o4 are the sum of monthly evapotranspiration differences for different coming periods, as compared to the baseline period, and K c-in , K c-dev , K c-mid
and K c-late are the crop coefficients for the initial, developmental, middle and late stages, respectively. Also, changes in the volume of water requirement in m 3 ha -1 (DW v ) were calculated (Equation (8)): 
RESULTS AND DISCUSSION

Validation of LARS-WG model
The results of Q-test for daily precipitation, T min , T max and RAD are shown in Table 4 . The comparisons of the probability distributions for the synthetic and observed data using the Chi-square goodness-of-fit test and the means and standard deviations using the t and F tests, respectively, showed that the simulated data probability distribution is close to the true long-term observed distribution for the Rasht site.
Validation of GCMs in simulation of meteorological parameters
The values of RRMSE obtained from the comparison between the observed and simulated data for the period of 2011-2012 with running of various GCMs are presented in 
Forecasting under A2 scenario
The results of assuming the A2 scenario is shown in Figure 3 . Under this scenario, T min changes would be increased for all the months and both 30-year periods.
The highest increase will occur in July with a value of Under A2 scenario, precipitation will reduce in the first 30-year period for January, February, March, April and
October and for the rest of the months it will increase as compared to the baseline period. The highest increase will occur in December at a rate of 27.2 mm. In the second 30-year period, precipitation in the months of January, February, March, May, July and August will decrease and in the remaining months it will increase.
The highest increase with 38.4 mm will occur in October.
ET o for both periods and all the months will increase rela- Therefore, the incremental changes in ET o and, consequently, in rice water requirement for the coming periods will occur as a result of the significant increase in temperature.
CONCLUSIONS
The results of this study showed that the rice water require- Due to a decrease in available water from upstream basin resources in recent years, it is necessary to adapt water supply and demand based on water resources of Guilan province internal basins. Also, the development of some management strategies such as water saving irrigation, reuse of drainage water and conjunctive use of surface and groundwater resources can reduce risk in rice production in the future. In this way, to achieve sustainable rice production in the future, a correct view of water demand should be considered in water resources planning. Therefore, the results of this study can be used in water allocation and management in the future.
